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(54) CROCOB \A YCTPOtfCTBO nPOM3BOflCTBA OYJUIEPEHOB 



(57) PexfeepaT: 

Hcnonb30BaHMe; nonyMeHne cMa3CNHbix, 
aKKyMynflTopHbix, KOMno3nm<ioHHbix 
MaTepnaxioB, KpacMTenett, MaTepnanoB Ann 
onTooridKTpoHUKM, n6KapcTB6HHbix npenaparoB. 
CymHOCTb M3o6peTeHMfl:' CMeniMBatOT cswey, 
rpacjJMT, OTxoflbi 3aroTOBOK, npeccyrcr 
3aroTOBKy t npocyujMBaioT b Baxyyiwe HarpeBOM s 
Kawiepe cnHTe3a cfcyrviepeHOB. HarpesaHne 
3aroTOBKn BeAyT flo reMnepaTypw 
3MMTTwpyK)meR noBepxHocTM 4300±100°C 

pe3MCTl4BHblM, MHflyiCUMOHHbIM, MaiXeTpOHHWM 

win ApyruM MeroflOM, a BaKyywe. 3aroTOBKe 
npMAaioT cfcopMy. o6ecneHMBafou4yio bctpqmho 
HanpaBneHHbie wnu nepecenaiomiieca noTOKi* 
yrnepoflHbix tcnacrepoB. OAHOBpeiweHHo 
nojiyweHHbie $ywiepeHbi OTAenatOT ot cawa 
nyTeM ncnapeHMfl us c6ophmkob cam npn mx 
HarpsBaHMM ao 700-900°C. <t>y/inepeHbi 
OAHOBpdMSHHo pasAe/wtor no MoneKyjwpHOMy 
secy Ha tcojuieiaopax, Harperwx c 
o6pa3osaHM6M TeMnepaTypHoro rpaAweHra 

400-480°C. YCTpoflCTBO CQAepKUT 

BOAOOxna>KAaeMyio KaMepy 1 , b Liempe KOTOpotf 
pacno/ioKeH HarpesaTejibHufl ajieMeHT 2, 
nepeweujiaeMbiW c noMOiqbto MexaHkisiuia 5 



SMMTiep 3 us yrnepoAHbix 3aroTOBOK. C6ophmkm 
ca>KM 7 m 8 Bbino^HeHbi b bma& eMKOcrePi M3 
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(54) METHOD AND APPARATUS FOR PRODUCTION OF FULLERENES 



(57) Abstract: 

FiELD: synthetic carbon materials. 
SUBSTANCE: invention relates to producing 
lubricating, accumulator, and composite 
materials for optical electronics, and 
drugs. Method consists in mixing carbon 
black, graphite, and wastes of stock, 
pressing resulting stock, and heat drying 
under vacuum in fullerene synthesis chamber. 
Heating of stock is effected to temperature 
of emitting surface 4300 ± 100 C using 
resistive, induction, magnetron, or another 
method. Stock is shaped in such a way as to 
provide countercurrent or crossing streams 
of carbon clusters. At the same time, 
produced fullerenes are separated from 
carbon black through evaporation from carbon 
black collectors by heating them to 700-900 
C. Fullerenes are simultaneously separated 
according to their molecular weight on 
collectors heated to develop temperature 
gradient 400-480 C. Apparatus has 
water-cooled chamber 1 with heating element 
2 in its center and, displaceable by 
mechanism 5, emitter 3 of carbon stock. 
Carbon black collectors 7,8 are made in the 



form of heat-resistant material containers 
Fullerene collectors 11-16 are made as 
copper rings with vertical channels. Content 
of fullerenes is 5-20 wt % or higher. 
EFFECT: enhanced efficiency of process. 16 
d, 5 dwg, 1 tbl, 5 ex 
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H306peT6HMe othocmtca k oonac™ 
npoqeccos m annapatypw An* CMHTe3a, ommctkm 
m pa3flaneHM« <}>yjijiepeHOB. 

BnepBbie CMHte3 cty/uiepeHOB 6bin onucaH 
KaK npoqecc McnapeHwi rpao>nroBbix 
aneiapoAOB npn peancTMBHOM HarpeBd mjih b 
iqyre b aTMoocjiepe MHeprHoro ra3a (Kraetsmer, 
et. al. "Solid C60: A new form of carbon 1 ', 
Nature, Vol.247 ( p. 354-357, on Sep. 27, 
1990; "Production, characterization, and 
deposition of carbon clusters", Y.K. Bae, 
et. al.. Clasters claster- assem.mater. 199l! 
p. 733-741 (Mater, res. soc.symp.proc. Vol. 
206). 3tot cnocoo" no3BOJiaeT npon3BOAMTb 
oko/io 1 r cm ecu cty/inepewoB b MacT npw 
ooflepjKaHMM (fiyn/iepeHOB b cawe ao 15% 

HaBecTHbi m APyme cfiocoSbi cviHTeaa 
o>y/viepeHocoAep>Kamefl cajKi*: jia3epnofi 
aQnnumft ("The formation of hydrogenated 
carbon clasters by laser ablation", N. 
Zhang, et. al. Chem. Phys.Letters, 1993, 
Vol. 205, N 2/3, p.1 78-182; "Laser ablation 
of carbonaceous materials: a method to 
produce fullerens", E. Millon, et. at C, R. 
Acad. Sci. 11, 1992, Vol. 315, N 8, 
p,947-953; "Production of fullerenes by 
near-infrared laser, LLaska, Czech, J. 
Phys. 1993, Vol.43, N 2, p,193-195), 

nUIDOJlM30M ]A CKMraHMGM apoMaTMMecKMx 

ymeBQflopoflOB ("Calculated equilibrum yields 
of C60 from hidrocarbon pyrolysis and 
combustion", J.T. McKinnon, J.Phys.Chem. 

1991, Vol. 95, N 22, p. 8941-8944; 
"Formation of C60 by pyrolysis of 
naphthalene", R. Taylor, et. al. Nature, 

1993, Vol. 366, N 6457, p. 728-731; 
"Production of C60 and C70 fullerenes in 
benzene/oxigen flames", J.B.Howard, et. al. 
J.Phys. Chem. 1992, Vol.96, N 16, 
p.6657-6662; "Pyrolysis of KH carbon 
residues: a method of further production of 
fullerenes and specific formstion of C ", 
J.V.Weber, et. al. J.Anal. Appl. Pyrolysis, 

1994, Vol. 29, N 1, p.1-14), 
3/ieKTpnMecKMM paspaAOM ("A simple 

technique of producing fullerenes from 
electrically discharged benzene and 
toluene", D.K.Modak, et. al. Indian J. Phys. 
A. 1993, Vol. 67, N 4, p.307-310), 

b nna3iue ("Formation of fullerenes in MeV. 
ion track plasmas", G.Brinkmalm, et. al. 
Chem. Phys. Letters, 1992, Vol. 191, N 3/4, 
p.345-350; "Novel method for C60 synthesis: 
a thermal plasma at atmospheric pressure", 
K. Yoshie, et. al. Appl. Phys. Letters, 

1992, Vol. 61, N 23, p. 2782-2783), 

b tom 4ncne JiaaepnoR ("Fullerenes from 
laser production plasma". P.S.R. Prasad, et. 
al. Phys. Stat. Sol. A. 1993, Vol. 139, N 1, 
P.K1-K5), 

KOHUeHTpupOBaHHbIM C0JlH6^HblM CB6T0M 

("Solar generation of fullerenes", L. 
P.F.Chibante, et. al. J.Phys. Chem. 1993, 
Vol. 97, N 34, p.8696-8700). 

061I4HM BC6X 3TI4X MeTOAOB flBJlfleTCfl 

HajiMMMe aTMoafcepbi MHepTHoro ra3a. 

KpoMe Toro, M3BecreH cnooo6, ocHOBaHHufl 
Ha ncnapeHMki rpao)MTa sJiexTpOHHbiM nymcoM b 
BaKyyMe ("Electronic sputtering of 
fullerenes and the influence of primary ion 
charge state", G.Brincmatm, et. al. Nucl. 
Instrum. Methods Phys. Res. B. 1994, Vol. 
84, N 1, p.37-42; "Fullerene formation in 
sputtering and electron beam evaporation 
processes", R.F.Bunshah, et. al. J.Phys. 
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Chem. 1992, Vol. 96, N 17, p.6866-6869). 

nojiyMaeMaa caaca bo Bcex nepeHMcneHHbix 
cnocoOax jwoo cocKpeoaeTcp co ctohok 
ncnapMTanbHOfl KaMepw, a $yroiepeHbi 
3KCTparnpy»0TCfl H3 Hee opraHiwecKMMM 
pacTBopvtTenJiMM ("Supercritical fluid 
extraction of fullerenes C and C from carbon 
soot", S. Saim, et, al. Sep.Sci.Technol. 
1993, Vol.28, N 8, p. 1509-1 525) M 
pa^Ae/iflioTCfl xpoMaTorpacpMHecKMMM 
("Purification of gram quantities of C A new 
inexpensive and facile method", 
W.A.Scrivens, et, al. J.Amer. Chem. Soc. 
1992, Vol. 114, V 20, p. 7914-7919) wnui 
MHbtMM MSTOAaMH ("Separation of C60 and C70 
with activated carbon", T.Rong, et. al. 
Yingyong Huaxue, 1994, Vol. 11, N 3, 
p.112-114; "High-purity vapor phase 
purification of C ", R.D. Averitt, et. al. 
Appl. Phys. Letters, 1944, Vol. 65, N 3, 
p.374-376). Jlnoo caxa nepenocHTCH H3 
ncnapnTenbHofl xaMepbi AyroBoro peaiaopa 
noTOKOM nHepTHoro rasa b Kawepy c 
MexaHHHeCKMMM 0>HJlbTpaMM, OTAenniomMMM 

4>ynnepeHbi ot cbxm, a saTeiw nponcxoAUT 
pa^Ae/ieHMe o>yjinepeHOB Ha TeMnepaTypHOM 
rpaAneHTe b noTOKe ra3a ("Production, 
characterization, and deposition of carbon 
clusters", Y. K. Bae, et. al. Clasters 
ctaster-assem, mater. 1991, p,733-741 
(Mater.res. soc.symp.proc. Vol. 206). 

Han6onee 67im3Kmm k npeAnoweHHOMy 
cnocooy u ycTpoRcTBy abjiaiotcr cnocoO m 
ycTpo^cTBO AnR npoM3BOACTBa 4)ynrepeHOB, 
onwcaHHwe b 3a*BKe WO 94/004461 , Kn. C 01 B 
31/00, 1994. 

Bee yKa3aHHwe Bbtuje TexHOJiorwn 
no3Bon«K)T nojiynaTb jinoib Manbie Ko/iMHecTBa 
<t>ywiepeHOB, KOTopbie Moryr 6birb 
Mcnonb30BaHbi TonbKo b 3KcnepwweHTanbHbix 
qejiflx nonyMeHne 4>y^epeHOB b 

3HaMHTenbHbJX KOJlMHeCTBaX, yAOBfteTBOpntOU^MX 

noTpe6HOCTM npoMbiuj/ieHHOCTM, yicasaHHbiMM 
cnocoCaMM hobo3M0>kho. 

TexHH4ecK0fl 3aAaMefl K3o6peTeHi/iH 
«BHfleTCfl o6ecneHeHne bo3mo;khoctm 
nonyMeHHfl <t>y/inepeHOB b tconn4ecTBax, 
yAOBneTBopfiiomMX noTpeoHoc™ 
npoMbiuuneHHocTM, nyieM nosbiujeHwi 

np0M3B0AHT6/lbH0CTH CHHT63a Q>yji/iepeHOB, a 

TatoKe yMeHbOieHne otxoaob npa npoM3BOACTBe 
cfeyji/iepeHOB. TexHUMecwoW aaAa^ePi 
M3o6peTeHHfl flanflercfl Tatoxe oOecneMeHne 
04MCTKM m pa3AeneHMfl cfeyjviepeHOB b npoi^ecce 

MX CMHTQ3a. 

B ocHOBe M3o6peTeHM«yie»(Mr HaoritOAeHMe, 
hto HenocpeACTBeHHo us aniwasa 4)ywiepeHbi 
He oepaaytorca hm npii kskmx ycnoBMflx, m 
HaooopoT, mom oonbiue b mcxqahom semecTBe 
coAep)KMTc« KpucTannnMecKHX (ppanvieHTOB 
"rpacjwTOBoro" Tuna, ro ecrb nnocKwx 
rexcaroHOB Ce, Tew Bbiiue BbixoA a>yn/iepeHOB. • 
C/ieAOBaTenbHO, nepB^HbtM crponTenbHbiM 
MaTepwanoM aha o>yniiepeHOB wanfliOTCfl He 
OAMHOMHbie aTOMbi M/iM ManoaTOMHbie Knacrepw 
c MMcnoM aTOMOB MeHee uiecTM, a n/iociwe 
ctiparMeHTbi KpucTan/iMMecKoft CTpyiaypbi 
rpa$nTa. Tskmb cfparMeHTu o6pa3yioTCfl npn 

3HaMMTenbHO MSHbLUHX 3HGpreTMM8CKMX 

BoaAettcTBMflx Ha BemecTBO, 46M aro Tpe6yeTc« 
A"fl aroMuaanHw. C 3T0fl tomkm 3peHMH 
M3BecTHwe cnocoCw CMHTe3a o>yfuiepeHOB 
npnHunnnaiibHo Ma/io3$o>eimiBHbi, raK KaK b 

HktX 3HaMHTe/lbHafl MaCTb npHJlOJKeHHOfl H3BH8 

\Am o6pa3ywu4e«cfl b xqao pea*[\m TerinoBo« 
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3Heprnn pacxoflyeTCfl hmshho Ha aTOMMaai^io 
ymepoAa. 

B to kg BpeMfl, KaKnoKaaann aiccnepMMeHTbt 
Ha BpeMH-nponeTHOM Macc-cneKTpoMeTpe, 
8peM« )km3hm KpyriHwx yrnepoAHbix wiacTepoB c 
HucnoM aTOMOB n > 18 cocTaanfleT MBHae 10 mc 
(b BaKyyiwe). CjieAOBaTeribHO, nnoTHOCTb 
KnacTepoB AOiiJKHa 6biTb aoct3tomho viajia, 
MTo6bi ohm ycneriM aa bdsmr MeHee 10 mc 
npoBaaMMOfleWcTBOBaTb m o6pa30BaTb 
cra6i4jibHyio 3aMKHyryK) crrpytaypy (j5ynnepeHa. 

HeoSxoflMMbie ycnoBM* cuHT83a 
flocTnra»OTCfl b BaKyyMe, ecnw opraHM30BaHbi 

BCTDeMHbie HOTOKM ■ HM3K03Hepr6TMHeCKMX 
KfiaCTepOB, QMMHTHpyeMblX C riOBepXHOCTH 

HarpeToro rpacfcMTcoAepxamero TBepAoro Tena. 

TaKWM o6pa30M, nocraaneHHafl aaaana 
pewaeTca tom, hto b cnocooe nponaBOACTBa 
$yroiepeHOB, BKniOMaiomeM o6pa30BaHne 
yrnepoAHbix KnacrepoB c rtnocKoH 
reKcaroHa/ibHoM cTpyKTypoM nyTBM HarpesaHMH 
TBepfloK ymepoA00Aep>Kaii4©H saroTOBKM ao 
TeMnepaTypw SMMMTMpyiomefl nosepxHoc™ 
4300t100°C ) 6tim3kom" k TeMneparype 
nnaaneHMfl rpacfeMTa, m nocneAyioiuMfl cmht63 M3 
hmx Monexyn cfeynnepeHOB, HarpeBaHne 
3aroTOBKM \a CMHT63 MoneKyn cf>ynnepeHOB 
ocyiAacTsnawT a BaKyyMe, npn otom cnHrea 
npoM3BOAflT bo BCTpeMHO-HanpaBneHHbix mjim 
nepeceicaiou^Mxcp noTOKax yrnepoAHbix 
KnacTepoB. 

npw 3tom HarpeBaHMe TBepfloPi 
ymepoAcoAepxainea 3aroTOBKM npow3BOAflT 

pe3MCTMBHWM, HHAyKHHOHHblM, MarH8TpOHHbfM, 

na3epHbiM mjw kiHbiM mstoaom. 

Ann yBenwMeHMfl BbixoAa 4>yjixiepeHOB 
3aroTOBKy npMBOAflT e Kone6aHnn co 3ByKoaoPi 
mjim cBepx3ByKOBo« MaoroTofl, npn aroM 
onTMMa/ibHbiB Anana30H MacTOT npw Harpese 
cocTaBJineT ot 8 ao 40 Kl"tt no-BMAMMOMy, 3to 
naneHne ooycnoBJieHo o6pa30BaHneM ctormmx 
bojih b aTMoaJjepe napoB ymepoAa, mto 
y/iyMiuaeT ycnoBMJi B3anMOAeHcTBM« KnacTepoB 
Apyr c ApyroM. 

nocraB^eHHan 3aAana peiaaeTCfl TaioKe tsm, 
mto o6pa30BaHwe BCTpeHHo-HanpaaneHHbtx mv\ 
nepeceKaioinnxcfl noTOKOB yrnepoAHbix 
KnacTepoB npw HarpeBaHMM aaroTOBKM 
AOCTMraeTcn np^AaHMeM TBepAoH 
yrnepoAOOAepxomefl 3aroTOBKe cneiyianbHoPI 
cpopMw. Hpn 3tom naparinanbHbie w/m 
HaxoAHiHnecfl now He6oribiunMM ymaMM 
noBdpxHOCTM aaroTOBKM BaauMHO HarpeBatoTca 
ManyMeHweM, m TeMnepaTypa mx 3HamiTenbHo 
npeBocxoAMT TeMnepaTypy Ha bhoiiihux 
noBepxHOCTjnc, a b cnyMae noBepxHOCTHoro 
HarpeBa m TBMnepaTypy BHyrpM o6i>eMa. 

KpOM6 TOrO, OAHOBpeMeHHO C CMHTG30M 

MoneKy/i cfcynnepeHOB npoM3BOAflT oTAeneHMe 
MX ot cawM. 

B sacTHocTM, oTAe/ieniie cfey/inepeHOB ot 
caKM npon3BOAflT nyTeM McnapeHMA 

4>yJUiep8H0B M3 C60PHHK0B C£DKM npM 
HarpeBaHMM nx ao 700-900 °C. 

KpoMe Toro, nocne OTAQneHMA cJjy/inepeHOB 
npon3BOART c6op caxn, cMeiunBaioT caacy c 
nopoujKOM rpa$MTa, npeocyioT M3 stoR cwecu 
HOByto 3aroT0BKy m npocyujMBatOT ee b BaKyyMe. 

B MacTHocTM, npocyuJUBaHMe saroTOBKM 
ocyiAecTBJifltoT nocpeflCTBOM ee HarpeBa b 
BaKyyMHow xaiwepe a^« cviHTesa 4>y/mepeHOB. 

noMMMo oTAeneHMji ct>y/uiepeH08 ot caxai 

0AH0BD8M8HH0 C CMHT630M MOJieKyJl 

0ynnep8HOB npon3BOAflT mx pa3AeneHM8 Ha 
<ppan\m no MoneKyn«pHOMy eecy. 
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B MacTHOCTM, pasAaneHua o>ynnepeHOB na 
ctipat^MM npoM3BOAflT Ha KonxieKTopax, 
HarpeTbix c o6paaoBaHMeM TeMnepaTypHoro 
fpafltieHTa ot 400 AO 480°C. 

riocTaBneHHaw saAana petuaeTcn Ta»Ke tgm, 
mto b ycTpoRcTBe ah« cnHTeaa 4>yjinepeHOB, 

BKnJOHatOlASM 3MMTT8p, BbinOPHeHHblPi M3 

raepAoW yrnepoAcoAepjKaiAe« 3aroTOBKM ( 
noMemeHHoW e paooMyio raMepy, m cpeACTBO 
HarpeBa aMMrrepa c mctomhmkom 
3HepronnTaHMfl, paobMaa KaMepa BbinonneHa 
BaKyyMHoR, 3Mnnep MMeeT o>opMy, 
oCecneHUBaKJi^yKJ o6pa30BaHne 
BCTpeMHo-HanpaB/ieHHbK wim nepeceKaioiAMXcfl 
noTOKOB yrnepoAHbix KnacTepoB npw ero 
HarpeBaHMM, npM stom ycTpoMcTBO 
Aono/iHMTenbHo CHa6>KeHO cpeflCTBOM ooasmm m 
nepeMetAOHMA aaroTOBKM m 6/iokom kohtpoha m 
ynpaBJiGHWfl HarpeBOM aMMTTepa. 

KpoMe Toro, ycTpo^CTso AononHMTe/ibHO 
CHa6xeH0 coophmkom caxw, ycTaHoaneHHbiM b 
pa6oMen Kawepe. 

KpoMe Toro, ycTpoWcTso AononHMTejibHo 
CHa6)KeHo KoruieiaopaMM c})y^JiepeH0B, 

BbH10J1H8HHblMM C B03MO)KHOCTblO Da3AeneHMfl 

4>y^iepeHOB Ha o>paia4MM no ManeicyjiflpHOMy 
Becy. 

B MaCTHOCTM, COOPHMK CSUKM BbinOJIKeH B 

BMAe AByx eMKOcreR, BwnonHeHHbix b bmas 
KoneLi M3 TepMocToflKoro MeTajina, 
ycraHOBneHHbix kohi^shtpmmho OTHOOMTeribHo 
BepTMicanbHo pacnono>KeHHoro 3MHTTepa,w 
pa3AeneHHbix Me>*wy co6oft KBapi^esbiM 
KonbL^oM, o6ecneMMBa»oiAMM HarpeB eMKocTePI 
AO 1 200-2000 °C, npM stom BepxHee KG/ibijo 
cSopHMKa aaKpbiTo cBepxy, a HMXHee cHMsy 

MOnn6A©HOBblMM C{>M/lbTpaMM C OTBBDCTMflMM. 

B MacTHOCTM, Konnetrropbi c|)yjin6peH0B 
BbtnonHeHbi b BMAe AByx Ko/teq ms mgam c 

BepTMKa/lbHbtMM KaHdJiaMM, yCTaHOBJieHHblX 

HenocpeACTBeHHo Ha BepxHjoto m noA hmkhwio 

6MK0CTM C&OpHMKa CSOKiA, 

flnfl yB8JiMM8HMn BbixoAa o>y/uiepeHOB 

MCTOMHMK SHepronMTBHMfl BbinOHHeH B BMA8 
MCTOMHMKa nepeMGHHOrO TOKa C MaCTOTOft OT 8 

AO 40 Kru. 

Ha 0nr. 1 M3o6pa»ceHa cxeMa npoL^ecca 
npoMSBOAPTBa 0ynnepeHOB; Ha o>Mr. 2 - cxeua 
MoneicynwpHbix dotokob npM o6pa30B3HMM 
cfrynnepeHOB b saicyyMe; Ha 4>wr. 3 - B03MO>KHbie 
BapnaHTbi yrnepoAHbix smmttopob m cnooo6bi mx 
B036y*AeHM«: a) peaMCTMBHbifl m b) 

MHAyKUMOHHbl8 HarpeB; Ha 0Mf. 4 SaBMCMMOCTb 

BbixoAa cfyrmepeHOB ot MacTOTbi nepeMeHHoro 

TOKa npM a) peSMCTMBHOM M b) MHAyKL^OHHOM 

HarpeBe; Ha $nr. 5 M3o6pa)KeHO ycTpoficTBO ah« 
cMHT83a, oTAe^eHMA ot caxM m pasAaneHMfl 
c^y/ijiepeHOB. 

CxoMa npoi4ecca npoM3BOACTBa 
(feywiepoHOB M3o6pa)KeHa Ha 4>Mr.1, 

noAroTOBKa cmbcm BKnicmaeT 

roMoreHM3ai4MK> b MMKcepe cmscm M3 
rpac})MTOBoro nopoiuica, caxw m octbtkob 
npeAbiAyiMQ^ 3aroTOBKM. 

npeccoBaHMa saroTOBOK b bmab iuau6 
ocyiAecTBJiweTCfl Ha npecce. 

Cyujica 3aroTOBOK npoM3BOAMTcn CHaMana b 
snetcrponeMM Ha BoaAyxe npM TeMnepaType 
400 °C, a 38T6M HenocpeACTBeHHo B paooMeft 
KaMepe ycTaHOBKM npM TeMnepaTypa 1000°C c 
OTxaMKott BWAenwioLUMxcfl rasoB BaxyyMHWM 

H8COCOM. 

Cmhtbs cJ)ynnepeHOB b BaxyyMe npowcxoAMT 
MOJKAy napannenbHbiMM mtim HaxoAflitiMM mcw 
noA yr/ioM noBepxHOCT^MM HarpeBaeMtwx 
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aaroTOBOK. 30>0>eKTMBHOe 3MMMTMD0BaHMe 
MeTacTa6njibHbix KnacTepoB C n , tao n 2-18, 
HaMMHaorcfl npw T KpMT 4300±100°C ( mto ojiw3ko 
k TewinepaType nnaaneHMfl rpacfrma. 

3MMMTMpyi0mMe nOBSpXHOCTM B39MMHO 

HarpsBatoTCfl ManyMeHweM (o>ir. 2) ao 



TeMneparyp T2, T3 > 



4300°C. 
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ToMnepaTypa Ha hmx npeBocxoflkrr TeMnepaTypy 
KBK H3 Hapy)KHblX nOBBpXHOCT5W aaroTOBKM (T ), 

KOTopue TepntoT Tenno aa cmbt wanyMeHMR raK 
m BHyTpn o&beMa aaroTOBKM (T ), Kyoa He 
npoHnxaeT narpeBatoma* aHeprm Bo 
H36e>KaHMe nonHoro paapyiueHMn aMMTTepa 
npouecc cnHTeaa cfeynnepeHOB Aonxen 

npOBOAHTbCfl AOCTaTOMHO DblCTDO, MT06bl 

cpeAHH« TeiwnepaTypa omrrepa He ycnana aa 

CMST TenJlOnpOBOflHOCTM CpaBHflTbCfl c 

TeMneparypaMn Ha SMMMTMpytouiMX 
noBepxHocTflx. 3to Tpe6oBaHne Aocrnraercfl 
npvi ycnoBUflx AOCTaTOMHO pa3BMT0fl 
noaepxHocTM aMMTTepa m AocTaTOMHo oonbtuoPI 

MOI4HOCTM MCT0MHMK8 SHeprOHMTaHUfl. B 

pe3y^braT© nponcxoAHT on/iaB/ieHvie TonbKo 
aMMnrnpyHDi^nx nosopXHOCTert n npeBpameHMe 
nx a (feynnepeHbi, a MOHee HarpeTwe Mac™ 

SMMTTepa COXpaHfllOTCfl B TBOpflOM BMflO W MOryT 

ObiTb ncnonb30BaHw b KawecTBe cupbsi pj\a 
noBTopHoro cMHTesa. KoHKpeTHue SHaMeHMfl 

nOABOAMMOH MOIUHOCTM Id BP6M8HM CMHT63a 

onpeae/iflioTCfl cJ)opMofl aMnrrepa m cnocoooM 
noflBoaa 3HeprMM m MoryT BapbaposaTbCA a 
npeflenax ot 100 kBt m Bbiuje m ot 10 AO 60 c. 

npM 3TOM 10-70 MaCCbl 3MMTT9pa M0JK6T 

npeBpaTMTbcn b ct>ynnepeHcoAep>Kamyto cawy c 
ooAepacaHweM noneaHoro npoAyKTa 5-20% n 
Bbiuje, 

npwMep 1. 3aroTOBKa H3 peaicropHoro 
rpacfcMTa Maccofl 127,3 r, <$opMa kotodoR 
npuBefleHa Ha <£nr.36 AnaMerpoM 60 mm, 
BbicoTofl 30 mm Obina noMeu^eHa b 
BOAOOxnaxcAaeMb)^ MHAyicrop b BaKyyMHofl 
KaMjpe. B KaMepe 6wn AocrnmyT BaxyyM 
10 mm pT. ct. nocne Hero Ha MHAyKTop 6bino 
noAaHO Hanp«xeHne 700 B npH race 300 A c 
wacroToR 10 Kf"u. Mepe3 10 o TeMneparypa Ha 
HapyxoHoR noBepxHOCTM aaroroBKw AOCTwrna 
4000°C, a Ha BHyipeHHMX noaepxHOCTflx 
KOHbUeBUX KBHaBOK 4350°C. Mepe3 10 c 
mctomhmk nwraHUfl 6bin OTicnioMeH w KaMepa 
oxna)KAeHa, a 33TeM paseaKyyu^poBaHa 11 
OTKpbiTa. Macca ocraTica 3aroTOBKM oocTaBuna 
64,7 r, a co ct6hok KaMepbi Guno co6paHO 
MexaHMHecKMM cfcpeGKOM 54,4 r nopowica 
TeMHOKOpuMHSBoro L(B8Ta cneAyionero 
cocraea, r: TeepAbte He pacTBopuMbte b Tonyane 
npuwecvi 43,2; Ceo 10,8; C 70 0,13; cyMMa 
BbicujMX 0y/inepeHOB 0,27. 

npwMep 2. 3aroTOBKa vt3 peaKTopHoro 
rpa^wa Maccofl 17,4 r, 4x)DMa KOTopoft 
npuBBASHa. Ha 4)nr. 3a, a^smstdom 4 mm, 
Bbioorofl 100 mm nocne npeABapnTeribHoro 
nporpeBa npn 1000°C SbiJia noMemsHa b 
BaKyyMHyio KaMepy ripn AaaneHMM 10 mm dt'. ct. 
Ha aaroTOBKy Mepe3 saicyyMHbie KOHtaKTbi 6bmo 
hoasho Hanp«)K6HH8 50 B npn tokq 400 A c 
wacTOTofl 50 kTi\. Mepe3 5 c TeMnepaTypa Ha 
HapyxHoW noBepxHocTM aaroroaicn AocTuma 
4000°C. a Ha BHyTpeHHMX nosepxHocrflx 
Koxibi^eBbix KaHaBOK 4300°C. Mepea 10 c 

MCTOHHMK nUTaHMfl 6blP OTKIIIWeH M KSMSpa 

oxnaxAeHa, a aaTeM paaBaicyyMvtpoBaHa m 
OTKpbiTa. Macca ocTaTKa aaroTOBKM cocTaBM/ia 
15,3 r, a co ctshok tcaMepu m TOKonoABOAOB 
6buio co6paHO 1,5 r nopowtca nepHoro 4Bera 
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cneAyiomero cocraBa, r: reepAbje He 
pacTBopuMbie b TOJiyone npuwecM 1,3; 
C so 0.16; C70 0,11; cyMMa ebiauMx 0y/viepeHOB 

0,02. 

Ha npaKTMKe ciiHTes Mo^ceT ocymecTBnflTbCfl 
b ycrpoficTBe. M3o6p»KeHHOM Ha iwr.5. 

OCHOBHOW MaCTbK) yCTDOflCTBa JIBJlfleTCfl 

BOAooxna>KAaeMafl KaMepa 1 us HepxcaBeioujefl 
crajin, b ueHTpe kotodo» pa3M8i4aeTCfl 
HarpeBaTenbHbiCt sneMeHT 2, HanpuMep, 
Konbt^eBoR BQAooxnaxAaeMbiR MHAyicrop us 
M8am. no ocu HarpeBaTenbHoro aneMeHra 
MHAyKTopa nepeMeu;aeTCfl aMMrrep 3, 
npeAPTaajifliomkifl co6o« CTepweHb, 
cocTaBneHHbifl M3 wafl6-3aroTOBOK w 
a>MKCnpyeMbiW cBepxy m CHuay flepJKaTanflMM 4. 
nepeMemeHne ocymecTBnfleTCw c noMou^bto 
MexaHH3Ma 5 noAasM 3aroTOBOK. KaMepa 
BaKyyMiipyeTCH, npMMeM ABHweHne aaroTOBOK 
npoMcxoAMT 6ea HapyoieHMfl eaKyyMa 
6naroAapq ncnonb30BaHMio cmtim^ohob 6. 

ripw BfcntoneHMM HarpesaTenbHoro aneMeHTa, 
HanpuMep npw noAKnioMeHHM MHAyKTopa k 

MOlUHOMy BblCOKOMaCTOTHOMy MCrOHHMKy T0K8, 

nponcxoAMT pa3orpeB Hapy>KHbix noBepxHOCTefl 
luaiie, HaxQA«iMnxcs BHyTpn HarpeBaTenbHoro 
sneMem-a, Hanpuwep HHjcyiaopa. MexaHM3M 5 
nepeMemeHWfl ocytneoranfleT abuxshmo 

3arOT080K C T8KOH CKOpoCTbK). MTOSbl BH6UJHMe 

sacrw uja«6-3aroTOBOK noMTn nonHocrbio 
Mcnapunncb, a BHyipeHHue He ycnanw npw atom 
pacnnaBMTbCH. B nonocTnx, o6pa30BaHHbix 
BbicTynawiUMMM KpaflMM uja«6, npoMCXQAMT 
MHTeHCMBHoe o6pa30BaHne o^yjuiepeHOB m 
caxoi. 

nocne McnapeHMfl 50-70% BemecTBa 
mcxoaho^ aaroTOBKM wctomhmk SHepronMTaHMfl 
OTKntonaeTCfl, m KaMepa oxnaJKAaeTcs h 
pa3BaKyyMnpyeTc«. KoHWHbiM npoAyKTOM b 
3T0M cnynae nenfleTCfl 0ynnepeHcoAep)KaiAaR 
cam, KOTopaa yAanneTCfl M3 KaMepw 

MexaHMMeCKUM WIOCO6OM. 

npM Heo6xoAHMocTM nonyMeHnj? mmctoW 
CMecu o>ynnepeHOB oTAenbHo ot caxw b KaMepy 
1 ycTaHaannBaioT BepxHMR 7 m hidkhhR 8 
coopHMKM ca)KM, npeACTasnflwiune co6o« 
eMKocTki M3 TepMccroflKoro MeTanna, nanpMMep 
Bonbc|)paMa, b BHAe Konei^. B i\er\px cHuxeHnn 
noTepb sneio-poMarHMTHofi SHeprnw cOophmkm hq 
MMewT Me)KAy co6om ranbBaHWMecKoro KOHTaicra, 
OAHaKO HarpeBaiorcfl HarpeBaTenbHbiM 
aneMeHTOM 2, HanptiMep MHAyKTopoM, Hepe3 
KBapneBoe Konbuo 9. TonmKHa Konbua 
noA6wpaeTcn TaKMM o6pa30M, MroSbi b 
npoi^ecce cMHTesa coopHwai HarpeBanvtcb ao 
1200-2000°C. BepxH^A coopHMK 7 aaKpwT 
CBepxy, a hmwhmS* 8 cHM3y Monn6ABHOBbiMH 

4>MnbTpaMM 10 C OTBepCTMflMM 10-100 MKM. 

npw cnHTeae okoho 90% ca>KH CKannnBaeTC« 
B HMKH9M c6opHMKe, ocjanbHafl b eepxHeM. npw 
yKaaaHHofl TeMnepaType npowcxQAUT 
cy6nMMa4Mfl o>ynnepeHa m ero Aw<fc0yanfl 
CKB03b caxy k MeHee HarpeTbiM mbctam KaMepw. 
TaKMM o6paaoM, nponcxoAMT naKonneHMe csokm 
b cfiopHUKax, TorAa kbk <|)ynnepeHbi 
KOHAeHCMpyjoTca Ha CTeHKax KaMepw, OTicyAa 
ohm MoryT 6uTb yAaneHbt MexaHMMecKMM 
cnoco^OM. KoHeMHbtM npoAyicroM 3Aecb 
sanjieTCR cMecb o>ynnepeHOB C ©o. C 70 m 
BbicujMX, a lame ca>xa, npuroAHaa Ann 
AanbHeRtuero McnonbsoBaHMn, B tom Mvtcne Ann 
cneAywmero UMicna CMHTe3a. 

npM Heo6XOAMMOCTM MC0K6T 6blTb 

npoMaseAeno pasAeneHMe $ynnepeHOB Ha 
o>paKMMM no MoneKynflpHbiM BecaM, fln« aroro b 
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KaMepy 1 Ha coophmkm ca*n 7 m 8 
ycTaHaarwBaioTca Bepxnue 1 1, 12, 13 n hvdkhms 
14, 15, 16 KonneKTopu o>ynnepeHOB, 
np8ACTaanfliOL4kie co6ofl tconbua 143 Mew c 
BepTHKanbHbiMM kaHanaMM. KonneKTopu 
HarpeBaioTCfl 3a cmst Teruionpo&OAHOCTw ot 

CGOPHMKOB C8JKH, M BAOflb MX K3 Haft OB 

o6pa3yeTC« rpaflMOHT ot 480 ot 400 °C. 

B nponecce cnHTe3a napbi o>ynjiepeHOB H3 . 

CSOPHMKOB CaX\A npOXOAHT M8D63 KaMa/lbl 

KorLPdKTopoB 4>yjinep8HOB w kohashch py kjtca b 
hmx a C00TB8TCTBHM c mx TeMnepaTypaMM 
cySnnMauMii, KOTopue 3aBMCflT ot 
MOJieKyjinpHoro Beca. Ha 6ximxhmx KonneKTopax 
13 m 14 KOHflQHCHpyercfl cwecb BbicwHx 
cJjyjTnepeHOB C76. Cg2 w flpyrux Ha Ko/uieicropax 
12 h 15 C70, Ha KOJVteKTopax 11 w 16 C w . 
KoHQMHbiMM npoAyKTaMH aflocb HBJiHioTCfl cawa, 

KOTOpytO MOWHO MCnOJlb30BaTb npM 

nocneflyKDLneM cHHTeae, h yieasaHHbie fypaKuyM 
(^ynnepenoB. 

PaOoTa ycTpoflCTBa Ana npon3BOACTBa 
4>yjinepeHOB MJuitocrpMpyeTCfl npuMepaMM. 

ripuMep 3. Ana cviHTeaa Gbina noATOTOBneHa 

CMSCb H3 40% OCT8TKOB SaPOTOBOK OT 

npeAWAymero cmht63b, 40% caxw, nonyMeHHoPI 

npM CMHT039, H 20% OCOOO MUCTOTO 

rpao>HTOBoro nopoujKa. CMecb <5una 
roMoreHM3npoBaHa b uexaHumecKOM Mwccepe, m 
M3 Hee 6wna cnpecooBaHbi saroTOBKM b bhas 
wafl6 AnaiweTpoM 80 mm, bhcotoR 30 mm, 
Maccofl 130 r KaJKOaa. npeccoBaHkie 
ocymecTBTiflnocb Ha MexaHkwecKOM npecce c 
ycH/inaM 30 r. WaR6bi 6u/i nporpeTbi b 
3JieKTpn48CKoft new npn 400°C. 

H3 16 wafl6 ootueft Maccofl 2080 r 6bin 
cocTaBJieH cTepwenb h noMemeH b KaMepy c 

MHflyKTOpOM AM3M6TP0M 100 MM. KaMQpa 6blJia 
3aKpfalTa M BaKyyMMpOBQHQ AO 10" 6 MM PT.CT. 

Hepe3 10 c nocne noAicnioHeHM* hctomhhk3 
3HepronMTaHMfl 100 kBt, 10 Kri\ 6bi/i npuBeweH b 
ABM>KeHne MexaHM3M 5, KOTopuft* nepeMeman 
3anoTOBKy cHuay Beepx Mepea HarpeeaTenbHbifl 

3TieM©HTMHAyiaop 00 CKOpOCTbK) 500 mm/mhh. 
nocne npoxojKfleHMsi Bceft saroTOBKM Mepes 
Harp8BaTe/ibHbt« aneMBHT-MHAyKTop, mctomhuk 
SHeproriMTaHMfl 6bwi OTioiKweH, xaMepa 6bina 
noBTopHO OTfcaMaHa a° 10" 5 mm pt.ct. m Ha 
HarpoBaTenbHbiW 3/ieMeHT-MHAyKTop 6wna 
noAaHa MOiMHocTb 250 kBt. Hepe3 10 c c 
noMombio MexaHM3Ma nepeMemeHHfl aaroTOBKa 
6bina BHOSb npoBOABHa M©pe3 HarpeBaTexibHufl 
anaMeHT-MHAytn-op b HanpaanoHMM CBepxy bhms 
c toH we cKopocTbio. nocne npoxojKASHMH BcePI 
3aroTOBKM wepea HarpeBaTe/ibHbtfi 
3neM6HT-MH Ay KTop mctohhmk 3HepronnraHMfl 
6bm OTKnfOM8H, KaMepa oxnaweHa m 
pa3B8KyywnpoBaHa. 

H3 Kawepbi 6buin nsaneMeHbi ocraTKM 
3aroT0BKM o6u\eft Macco^ 810 r n 
o>yjijiepeHCOAep)Kainaji cqskb c M8jikmmh 
06/iOMKaMM saroTOBKM o6u^eR MaccoW 1260 r. 
Caaca cocTOflna M3 79% He pacTBopvtMbix & 
Tonyone TBepAbix komdoh8htob: 20.2% C^, 
0,4% C70 m 0,5% cwecM bwcujmx 0ynnepeHOB. 

npMMep 4. Mcnonb30BanMCb Te >ko 
aaroTOBKn, mto m b npMMepe 3, oAHaKO b 
KaMepy 1 6binn ycTanoBJieHbi cdophmkh cajKM 7 

M 8. CMHT83 npOBOAWICq B TOM >K8 P8KHM8, MTO 
vi B npMMepe 3. 

(locne oTKpbiTkin KaMepw Obino K3aneM6Ho 
805 r ocraTKOB 3aroTOBKM, H3 c6ophhkob cajKM 
980 r caxM, He coAepJKa^eft o>ynnep8HOB, a co 
0T8HOK KaMepu m BHyTp6HHnx AQTanert 290 r 



10 



1$ 



20 



2$ 



30 



35 



40 



45 



50 



55 



60 



wepHO-KopwMH8Boro fiopowica cheAywmero 
oocraBa: 9,2% He pacTBopwMbix b Tonyone 
TB8PAWX KOMnOHOHTOB, 86,4% C 6 o ( 1.8% C 70 M 
2,6% CMecki Bbicujux Q>yjinepeHOB. 

npwMep 5. McnonbaoBariMCb T8 xe 
saroTOBKM, mto h b npMMepe 3, oah8ko b 
icawepy 1 6binn ycTanoBjieHbi KaK c6ophhkm 

Ca>KM 7 M 8, TBK M K0nJ18KT0pbl $y/l^ep8H0B 

11-16. Cmhtbs npoBOAMncji b tom >Ke peKUMe, 
mto m b npuMepe 3. 

nocne oTKpwTMfl KaMepw 6bi^o MaaneHeHo 

807 r 0CT3TK0B 3arOTOBKM, M3 CbopHMICOB C8WCV1 

978 r C€dkm, He coAepKamert o>ynnepeHOB, c 
KonneKTopos o>ynnepeHOB oo6paHbi npenapaTb), 

MaOCa M C0CT8B KOTOpblX npMB8A©HbJ b Ta6flW4e. 

KpoMe Torn, c BHyTpeHHMX AeTanefl m creHOK 
xaMepw 6bino co6paHo 10,6 r cm6Ch na 50% 
<t>ynnepeHOB, 45% ca)KM n 5% o6noMKoa. 

Oyn/iepeHbi, cymecTBOBaHHe KDTOpbix 6bino 
ycTaHoaneHO b cepeAMHe 80-x toaob, a 
(xJxfceKTMBHaji TexHonorwn nonyMeHMfl 
paapaboTaHa b 1990 r, mmojot oonbujoe 
npMtcnaAHoe aHaneHvie. 

MHTepec k MccneAOBaHMflM Q>ymiepeHOB 

CBR38H, C OAHO« CTOpOHW, * UJHDOKMM 
pa3HOO0pa3HeM HOBbOC 0>H3MKO-XMMyweCKMX 

PB^eHMfl, tcoTopwe npoMCxpAflT npn yqacTMM 
o>ynnepeHOB, a o APyro^ cropoHbi 
m Horoo6pa3H biMM nepcneianBaMM nprncnaAHoro 
Mcnonb30BaHMfl aroro HOBoro Knacca eemecTB. 

Pe3y/ibTaTbi MccneAOBaHMrt, BbinoxiHeHHbix b 
nocneAHne roAbi, yKasbiBatoT Ha aHaMMTexibHbie 
nepcneKTMBbi ncnonb308aHMfl o>ynnepeHOB m 
MaTepnajioB Ha mx ochobs b pa3nnHHbix 
o6naorflx HayKM m TexHonorwu. TaK, 
McnonbsoBBHue cfy/i/iepeHOB b KanecTae 
npMcaAKM k cMaaoHHOMy Macny cymecTBeHHO 

(AO 10 D33) CHVWKaei K03C|3Q>Ml^MeHT TD6HV1R 
M8TajinHM8CKMX n0B8pXH0CT8R H 

C00TB6TCTB8HH0 nOBbJOJaeT MSHOCOCTO^KOCTb 

AeTaneil m arperaroB. OyjwepeHbi MoryT 
ncnonb30BaTbCfl Taioxe b KaMecTBe ocHOBbi ah« 
npoMSBOACTBa aKKyMynflTopHbix CaTapePi, 
o6/iaAaK>mMX 6onee Bwcoicoft 3(})c|)eKTMBHocTbio, 
MajibiM BecoM, a Taioce SKonorvmecKoW 
caHMrapHoR 6e3onacHocTbio no cpaBHeHwo c 
COBpeM8HHbtMM aKKyMyxtRTopaMM. 

Akthbho pa3pa6aTbiBaiOTC« TaioKe Apyrwe 

B03MOKHOCTM K0MM8D48CKHX npMM8H8HM^ 

4)yn^epeHOB, CBflsaHHbie, b viacTHocTn, c 

pa3pa60TKO« HOBbOC KOMn03HLiMOHHblX 

MaTepvianoB, cosAaHneM KpacviTene^ Ann 
KonMDOBaiibHbix annapaTOB, cpoTonpneMHUKoa, 
sneMeHTOB naMPTM h orrrooneiapoHHbix 
ycTpoRcTB, ajiMa3Hbix m ariMa3onoA06Hbix 
nneHOK, neKapcTBeHHbix npenapaTos, 
CBepxnpoBOA«iHnx MarepnajiOB h AP- OcoGoro 
BHMMaHne aacny>KMBaeT npoBneMa 
ncnojib30BaHMfl ct>ynnepeHOB b m6ahuhh8 m 
$apMaiconorHM, oco6shho MAeq coaAaHup 
npoTMBopaKOBbix npenapaTOB Ha ocHose 
BOAOpacTBopiiMbtx coeflUHeHMM 0ynnepeHOB. 

B Hacroflinee speMfl luwpoKoe BHdApeHMe 
TexHonorwfi, ncnonbaytotunx 
0ynjiepeHOOAep)KaiMMe MaTepwanbt, 
aaTpyAHBHO e cbash c OTHOcure^bHO bwcokoR 

CTOMMOCTbK) 9TWC MaTGpHanOB. 

npeAnaraeMwft cnocod" npon3BOACTBa 
o>ynnep8HOB He mm88T npuHi^wnManbHboc 
orpaHMMeHMH no nponsBOAHTenbHocTvi m 
o6ecneMMBaeT 6e30TX0AHbiW m GKo/iornHecKn 
HwcTbifi npoueoc cnHT93a <J>ynnepeHOB. 

OopMyna H3o6peTeHHfl: 

1. Cnoco6 npon3BOACTBa o>ynnepeHOB ( 
BKnicwaiom^ft 06pa3O8aHne yrnepoAHbix 
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tcnacTepoB c nnocKofl reKcaroHanbHotf 
crpyioypoH nyTeM narpesaHMfl TBepAofl 
ymepoflcoAepacamefl aaroTOBKM w 
nocneAy»omnfl cmhto3 W3 hhx MOJieicyji 
(tjynnepeHOB, omMMawLUHflcfl tom, mto 
HarpeBaHne 3aroTOBKn eeflyT ao TeMnepaTypw 
3MMTTnpyio^ef» noBepxHOCTM (4300 ± 100)°C m 
CMHT63 Monetcyn 4>ywiepeMOB ocymecTBrowT b 
BaKyywe, npw stom chht63 npoecwT bo 
BcrpeMHO HanpaBJieHHwx win nepecexaiOLUHXcfl 
noroKax ymeppAHbix wiacTepoB. 

2. Cnooo6 no n.1, OTnnMaiomnflcfl tom, mto 
HarpeBaHMe TBepAoR ymepoACQAepwainefl 

3arOTOBKH npOM3BOAHT peSMCTHBHbIM, MJ1M 
MHfly^HOHHblM, MJ1M MarHMTDOHHWM, HUM MHbIM 
MQTOflOM, 

3. Cnoco6 no n.1 mjim 2, oTJiWMawmiiPlcfl tsm, 
mto HarpeBaHne ocymecTanaioT c 
Mcnon bsoBa hmom nepeMeHHoro aneinpHMecKoro 
TOKa c hbctotoB 8 40 kTij. 

4. Cnocoo" no n.1 win 2, OTrtH4aioinnitefl tom, 
mto tbopaoW ymepoACOAepacamefl 3aroTOBKe 
npuflajOT (poptsiy, ooecneMHBaromyio 
o6paaoBaHne BCTpeMHO Hanpaa/ieHHbix win 
nepeceKaiomMXCw noTOKOB ymepoflHbix 
KnacTepoB npw ee HarpesaHHM. 

5. Cnocoo" no n.1, OT/iMMaiou^M^cfl tom, mto 

0AH0BD6M6HH0 c CMHT03OM MOJieKyjl 

cpynnepeHoa npowsBQAHT OTAeneHwe mx or 
ca>KH. 

6. Cnocoo* no n. 5, OTjiHMaK>mwC*cfl T6M, mto 
OTfleneHMe c|>ynjiepeHOB ot caxM npon3BOART 
nyT6M McnapeHMfl ctyjinepeHOB wa coophmkob 
csdkm npn HarpeBaHMM \ax ao 700 900°C. 

7. CnocoC no n.5 mjih 6, oTjiHMaiomMflcfl tom, 
mto nocxie OTAeneHMfl q*>yjuiepeHOB npowsBOAflT 
coop csukm, cMeiUHBaioT ca*cy o nopoujKOM 
rpac()MTa p npeccyioT m aTOfl CMeon HOByto 
3aroTo&Ky h npocywMBatoT ee b Baxyyiwe. 

8. Cnocoo" no n.7, oniMHaiomMflcfl tom, mto 
npocywMBaHMe aarooBKw ocymecTanfltoT 
nocpeACTBOM ee HarpeBa b BaKyyMHOfl Kawepe 
Ana cuKreaa c^ynnepoHoe. 

9. Cnoco6 no n.1, OTJiHMaioinnflcfl t©m, mto 

0 AHOBpeMBH HO C CMHTe30M MOJieKyjl 

(fcy/uiepeHOB npow3BOAflT mx paaAeneHMe Ha 
cf)paKL4KM no Mo/ieicy/iflpHoft Macce. 

10. Cnoco6 no n. 9, OTJiMMaiomMflCfl tom, mto 
pa3AeneHne (fcynnepeHOB Ha qbpaKqun 
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npon3BOAflT Ha Kon/ieicTopax, HarpeTbix c 
p6pa30BaHM8M TewnepaTypHoro rpaAMSHTa 400 
480°C. 

1 1 . yCTpoflCTBO An« CMHT633 c|)yjviep8H0B, 

BicnjoMaioiAee 3Mnnep, BbinonHeHHwPi H3 
TeepAofl ymepoAcoAepacameft saroToaxti, 
noMetMeHHofl b paooMyto naMepy, m cpoactbo 
Harpesa SMwrepa c hctomhmkom 
OHepronnTaHMfl, oTJiHMawmeecfl tom, mto 
paooMap KaMepa BbinonHeHa BaxyyMHoH, 
SMMTTep MMeeT qbopMy, ooecneMMBawiAyK) 
o6pa30B8Hne bctpomho HanpaBneHHboc win 
nepecexaiomMxcfl nooxoB ymepoAHbix 
KnacTepoB npw era HarpesaHUH. npn 3tom 
ycTpoWcTBO AonojiHMTenbHo CHa6xeHO 
cpeACTBOM noAaMM vt nepeiwemeHMfl aanoTOBKM h 
GnoKOM KOHTponfl m ynpaBjieHMfl HarpeBOM 

3MMTT9pa. 

12. ycTpoftcTBO no n. 11, ouiMMaiomeecJi 

T6M, MTO MCTOMHMK 3H8pronMTaHMfl BbinOJlHSH B 
BMA6 HCTOMHMKa nepeM6HH0r0 TOKa C MfiCTOTOft 8 

40 Kru. 

13. ycTpo«cTBo no nn.11 m 12, 
oT/iMHaKJineecn tom, mto oho Aono/iHUTejibHo 
cHaCweHo c6ophmkom cajtcw, ycTaHoaneHHbiM b 
paooMeft Kaviepe. 

14. YcTpoflCTBo no n.1 3, onwMaioineecfl 

T6M, MTO COOPHMK CaWM BUnOJ1H0H B BMA6 

eMKocTea, BbinonHeHHbix b bmas KoneLt hs 
TepwocrofiKoro MeTanna, ycraHOBneHHbix 

KOHl^eHTpMMHO OTHOCMTenbHO B6pTMK8J1bH0 

pacnono)KeHHoro OMMTTepa m pa3AeneHHbix 

M8)KAy C06ott KBapi^SBblM KOJIbL^OM, 

oeecneMUBatou^MM HarpeB eMKOCTefl ao 1200 
2000°C, npw 3tom BepxHee Konbuo ooopHMKa 
aaicpbiTo caepxy, a HHXonee - cHM3y 

MO/lM6AeH08blMM C^MJlbTpaMM C 0TB8pCTMJ?MH, 

15. ycTpoflcTBO no n.1 1 , ouiMMafomeecfl 

T6M, MTO OHO AOnODHMTenbHO CHa6K6HO 

KoruieicTopaMki c^ynnepeHOB, BbinortHeHHbJMn c 
B03MOKHocTbio pa3AaneHdfl 0ynnepeHOB Ha 
<$>paKuiMM no MonexynflpHoW Macce. 

16. ycTpoitareo no n.1 5, OT/iMMatou^eecfl 
tom, mto KonneKTopbi (JjynnepeHOB BwnonHeHbi 
b BHAO AByx Konet4 us mm c BeprwKanbHbJMn 
xaHanaMM, ycTaHOBneHHboc HenocpeAOTBeHHo 

Ha BOpXHIOlO K nOA HMMCHtOlO 6MKOCTM COOpHMKa 

cam. 
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